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his circular presets part I of a series of paners of a review of 
: —. on air Soadacionta in mines, with particular reference to 


th; healch, safety, and efficiency of mines. It deals with the physiolo- 
‘cel aspects of exposure to air contaminated by organic matter, noxious 


werzines3 part II will discuss ths relation of abnormal mine temperatures 
anc humidities to the health and efficieney of miners; and part TII will 
Ceseribe theorstical and rractical methods of air conditioning mines to 
correct or alleviate the conditions mentioncd and will discuss the results 


acteaincd by some of the systems now in use in vericus parts of the world. 
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The importance of the atmosphere to which human beings are cxposed 
to their phyehen? end montal health is so much uncer discussion at present 
as to lead to the assumption that knowledge of i physiological effects 
is comparatively recont. However, Potersen (1)4/ has called attention to 
the omphasis placed on the importance of moteornlogical conditions to 
health and disease by Hippocrates (460-359 B.C.) who said: 


For with the seasons, men's diseases, like thcir digestive 
organs, suffor change. 


The Greeks claimed to have derived the healing arts through Apollo, the air 
god, ond Hippocrates (1) argued that all disease is due fundamentally to 
interference with the supply of air (oxygen) to the tissues (a generalized 
or regional anoxemia). 


‘ining alweys has been considered a more or less dangerous and un- 
healthy occupation. Although persons are still lIcilled by toxic and noxious 
air in mines from explosions, fires, lack of respirablo air, dusts, and ex- 
cessive heat, present conditions have improved immeasurably beyond those 
that prevailed during the carly days when mining was dors by slaves, and 
men, women, ond children “worlred in small holes, damp and dark, and foul for 
lack of ventilation" (2). 


Ventilation and oir conditioning are closely related but slightly dif- 
ferent phases of tho problem of making mince air healthy and safe for mine 
workers. according to Webster's Dictionary "to ventilate is to cause fresh 
air to circulate through (to replace foul air simultancously removec) a 
room or mine." Ventilation also has been defined (3) as "the process of 
“supplying or removing air, by natural or mechanical meas to or from any 

spacee Such air may or may not have been conditioned." Ventilation of 
undereveund workings comprises establishment of such control of air currents 
that underground workers may work in safety, with maximum comfort and 
-efficiency end without impairment of hoalth; that the air flow in mino open- 
ings may be mace subject to such control as to remove harmful gases and 
‘dusts from the workiz.gs at ordinury times; and that in ean emergency, such as 
fire or cxolosion, as much or as little air flow may be meointained as desired 
in parts of the mine or the mine in its entircty (4). 


Although quantity rather than quality of air supplicd usually is implied 
by "ventilation", the term is coming more and more to include the idea of 
quality from the stnndpoint of hcealtsh ord comfort of those exposed thereto. 
In States where ventilation in mires is reguleted by law, the basis of calcu 
lation is the quantity of sir to bo supplicd por person ond per animal under- 
ground. Requirements renge from on indefinite "operator must furnish good’ 
ventilation" or "sufficient current of fresh air for health and safety of 
miners" in some States to a more or less definite "not less than 85 cubic 
feet per minute per person and 500 per animal" ard"150 cubic fect per 
minute per person and 600 per animal in gussy mines" ir other States. The 
avernge requirement is 100 cubic foet per minute per person ond 500 por 


4/ Numbers in parentheses refer to bibliography at end of circular. 
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enimal, <Anparently most State laws contain no restrictions regarding the 
quality of the air supplied. 


"Air conditioning" in its broadest sense includes ventilation and 
implies control of any or all of the physical or chemical qualities of 
the air, such as temperature, humidity, movement, distribution, dust, 
bacteria, odors, toxic gases, and ionization — all of which affect human 
health, comfort, and working efficiency to some extent (3). This series 
of papers deals with the subject as applied to mining. 


NEED FOR AIR CONDITIONING 


-Chapter 1. General Foulness of Underground Air 


Up to the present, ventilation has been suvoplied to underground 
wrkings mainly to dilute toxic geses and dust and to prevent accumilations 
of explosive gas mixtures, with occasional attempts to minimize the ill 
effects of high temperatures and humidities. Consideration of air condi- — 
tioning in mines has been confined almost exclusively to heat and humidity, 
with some implication of helping to reduce air dustiness, and the bad ef- 
fect on the workers of nine atmospheres in certain places usually is 
attributed to excessive wet-bulb temperatures; to most people air condition~— 
ing means cooling the air in enclosed places in hot weather. In addition 
to temperature and humidity there are, however, other factors, such as gen- 
eral foulness of the air due to the putrefaction of decaying organic matter, 
emanations from the lungs and bodies of workers and animals, and the 
vresence in the air of small quantities of toxic or noxious gases or possi- 
bly of large or small amounts of dusts. Referring to the less commonly _ 
discussed causes of ill health among miners in a talk before the Chemical, 
Metallurgical, and Mining Society of South Africa, Joseph (5) stated that, 
elthough excessive wet—bulb temperature seriously imnairs human vitality, 
the additional ill effects caused by foul impurity of the air are much more 
serious and the ultimate toxic effect cannot be disregarded, whatever the 
dezsree of disability, as it is certain to be cumulative. As an instance of 
mat can happen in extreme cases he cited ptomaine poisoning as a result of 
working continuously in an atmosphere foul from decaying organic matter. 

He tabulates the causes contributing to the ill effects of mine air in the 
following order of importance: 


Percent 

1. Wet-bulb temperature......... ee ee ee ee ee ee eiwees 50 

¢. Fouling of the atmosphere and consequent "stink"......... ee 25 

3. Effect on body metabolism and breathing mechanism..........2 10 

4, Direct action on the nervous SYS COM sees 0 SS ace eee ene Weeavecows sce LO 
5. Psychological effect of working underground and in such an 

atmosphere......... RO ee ee ee eee 

OVAL Sars aus eS Ga ek ee oes ee ee er ee a ee ee a wines LOO 


Discussion of Joseph's statement revealed that his percentages for 
the factors other than heat and humidity were too high and that most mining 
men would consider that high wet—bulb temperature and humidity account for 
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more than 50 percent of the air-condition difficulties in deep mining. It 
was also suggested that items 1 and 2 of the table were causes, 3 end 4 
effects, and 5 a combination of causes and effects. On a somewhat broader 


basis the following were rresented as the principal causes of lowered 
efficiency: | 


1. Low cooling power, or high effective temnerature. 
2, Contamination of tne air from organic sourcese 
3. General underground environment. 


‘These contribute in various derrees to the effects indicated in items 
45 Yh and 5 of Joseph's tabulation. In other words, these causes were 
suge edtsd as producing certain physiological and psychological effects whic! 
combine to lower the physical and mental efficiency of underground workers. 
Physiologists and psychologists should te able to do better than guess at 
the relative imvortance of these causes in lowering efficiency. It is in-~ 
teresting to note here that in 1909 Young (5), in discussine results of an 
investigation of tne effects of hisn temperatures end huridit’«s on workers 
in the deep workiics of the Virginia City (Nev.) mines, remarked that 
"vitiated air will impair labor efficiency to a greater extent than a hi¢h 
temperature," 


Discovery by Black (7) in 1757 thet expired air contained carbon © 
dioxide in which animals died of suffocation and by Lavoisier (8) in 1777 
that the oxygen of the air when taken into the body combined with carbon 
to form carbon dioxide led to the csenerally preveiling belief that the ill 
effects experienced by people crowded in small, enclosed, and poorly 
ventilated svaces are due to lack of oxyzen and accumulation of carbon 
dioxide. Pettenkofer (9), hovever, questioned the carbon dioxide theory 
in 1862 by calling attention to the fact that the air of a room filled with 
human beings is disagreeable and offensive and appears foul and nauseous 
long before it is too greatly devrived of oxygen or laden with more than 1 
percent of carbon dioxide. Further investizations seemed to indicate that 
the ill effects in atmosvheres in surfece structures were due not so much 
to the chemical impurities in the air as to its physical properties (tem~ 
perature, hunidity, and motion) and thet the objection to an evil~smelling 
atmosphere was based not on its poisonous nroperties, which had never been 
proved to exist, but on the nausea, loss of appetite, and general malaise 
that followed the prolonged breathing of a large quantity ef volatile 
malodorous products (10). 


Kitchin (11) believed th:t the presence of volatile organic poisons 
emanating from bodily activities may have not only undesirable and depress- 
ing but also irritatinz. influences. Ee said: 


If the individual's own boty suffers from eutogenerated 
toxic matters originating in the a tract and diffused 
throuzh the body, why should not a fellow human being suffer 

from the effects of some of those same materials escaping from 
the Lody in the expired air and from the cutaneous surfaces.**™ 
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It is certain that various excretory volatile matters from 
the human body produce nausea, loss of appetite, and other dis- 
turbances, and if that result is commonly to be observed we have 
no right to say that there are not injurious matters in poor air 
other than heat, moisture, and lack ef movement. 


The belief that the products of respiration are nontoxic apparently 
has been challenged by later experiments. In 1933 Schroeder (12) pud- 
lished results of experiments which seem to indicate that such products 
are highly poisonous. He found that, in addition to moisture and carbon 
dioxide, a number of substances of complicated chemical structure, made 
_up of various complex organic compounds, are included in the products of 

respiration. The digestive juices and food are subject to the decompos- 
' ing action of bacteria found in the digestive tract and particularly in 
the large intestine. As a result of this decomposition a large number 
of more or less toxic compounds are formed from the protein material in 
the intestines. Some of these products he identifies as fusel oil, 
fatty acids, aromatic acids, methane, hydrogen. sulphide, amino-acids,’ 
cresol, indole, and skatole, and he believes that a very small proportion 
of these products in the air causes a stuffy, crowded feeling, due to 
their high toxicity. In experiments on rats the organic material obtained 
from three rats was toxic to a fourth. An interesting fact noted by 
schroeder was that the breath of one of his subjects, a man who very 
probably had tuberculosis, had a very high carbon dioxide and also a high 
organic-material content. He suggested that it might be interesting to 
analyze the breath of a large number of tubercular patients to determine 
whether high content of carbon dioxide and organic material is a charac-— 
teristic of the disease. The breath of:old or diseased persons is said 
to be more toxic than that of healthy young persons (13). 


It has been determined experimentally (14) that the sense of smell 
normally is aroused by inconceivably small concentrations of odoriferous 
substances, sensitivity varying in different individuals. In @ review 
on odors and odor control, Pierce (15) reported that 0.0000005 milligram 
cf oil of rose per cubic centimeter of air can be smelled distinctly. 
Mercaptan, a liquid witn a penetrating garlic odor, can be smelled in 
mich smaller concentrations, and this fact is utilized in warning miners 
of untoward occurrenees: through the compressed~air system or in calling 
attention to leakage in city gas systems. The odor of butyric acid, a 
Constituent of the body~odor complex, can'be detected in concentrations 
of 0.000009 milligram per cubic centimeter of air. The investigation (14) 
also revealed that the olfactory organs are fatigued quickly and easily if 
the exciting stimulus continues, although the sudden appearance of new 
odors can be perceived% Recovery of excitability is apparently rapid, and 
treathing fresh air for 5 to 10 minutes restores full excitability to body 
olors after exposure of 3 to 4 hours in crowded and poorly ventilated 
rooms. Healthy and clean persons, even immediately after a bath, give off. 
an appreciable odor, which apparently is a normal waste product arising 
from metabolic processes and decomposition of matter in the skin and cloth- 
ing. Such adors in a room are not considered harmful, but the occupants, 
even when usconscious of the odor, seem to be capable of detecting stuffi- 
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ness or lack of freshness in the air, and sensitive persons are occasion-— 
ally affected pathologically by remaining in such rooms. Apparently it 
is not knowm definitely whether exnosure to such air conditions is harm-~ 
ful to healtn, but from some of the symptoms mentioned they may prove 
harmful, at least after long exposure, and investigators seem to agree 
that such conditions should be controlled preferably by personal habits 
of cleanliness, by ventilation and air conditioning, or by both. 


Where men are nerforming hard physical labor under ordinary mining 
conditions and where there may be more or less sutconscious psychological 
sensitiveness to the leck of freshness of the air due to the presence of 
men and animals, personal cleanliness is hardly a feasible method of con- 
trol; ventilation, air conditioning, or botn would be required to remove 
the foul air, especially where temperature and humidity are above normal. 


In addition to the little-considered sources of air contamination 
underground already discussed there are, of course, the more obvious and 
generally k.own health-affecting conditions that result from the presence 
of gases, dicts, cad abnormal temperatures and humidities, all of which 
can and should be controlled ty effective ventilation or air conditioning. 
The causes, physiological effects, and methods of control of these heal th-— 
and efficiency—destroying conditions will be discussed in this paper and 
others to follow. 


Chapter 2. Gases Encountered in Mines 


Pure, dry air at sea level contains the following gases (16): 


Gas: Fercent 
Oxygen (00) w.s.eeeeeee tease ie ee vecsee 20,94 
Nitrogen (M5) 3 fas ces iastgnln Gio aeecere ce easmecevedg Toood 
Carbon dioxide (C05) eeovseevesere 95/0 08.8: © 003 
Areon (A): 26isas ees ee eee. Biscsuohrats 24 


Helium (He), neon (Ne), krypton (Kr), 
xenon (Xe), hydrogen (Ho), hydrogen 
peroxide (H505), armonia (WH), and 
ozone (02) 9carreus. aie cea eee ewe ee Siace; “brace 


The rare gases are inert and usuelly are included with nitrogen. In 
addition to the gases mentioned, innaled air is accompanied by approxi- 
mately 1 percent of moisture ana exhaled air by approximately 5 percent of 
moisture. So exactly are these conditions adjusted to the requirements of 
normally healthy subjects that the body is affected by slight changes in 
the constituents of the inhaled air. A slight reduction of oxygen to 
20.19 percent and an increase of cerbon dioxide to 3.84 percent are said 
to cause severe headache within a very few minutes (17), and this is 
especially true where the temperature and humidity are high. 
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Mixed Gases 


The air of mines is likely to be contaminated by various gases, 
known by many miners (especially "old-timers") as black or choke damp, 
firedamp, afterdamp, and white damp, as well as by smoke and dust. Oxides 
of nitrogen, sulphur dioxide, and hydrogen sulphide (stink damp) also may 
be present under certain conditions, usually in small amounts, although 
they may be present in high enough concentration to be dangerous. 


Blackdamp, ~ Blackdamp is the gas most universally present, and large 
quantities are present in many poorly ventilated mines; it consists 
usually of carbon dioxide, nitrogen, and oxygen in varying (for the most 
_ bart deficient) quantities. In the pure state it consists of 85 to 99 
percent nitrogen and 1 to 15 percent carpdon dioxide (18). According to 
Haldane (19) "it is the residual gas of en oxidation process and thus con- 
sists of nitrogen with anything up to about 21 percent of carbon dioxide." 
The most important source of blackdamp in mines is the oxidation of timber, 
coal, and iron pyrites or the decomposition of minerals especially those 
with carbonate base. Blackdamp of varying composition is found in virtual- 
ly all mines and is distinguished by miners through its characteristic 
Property of extinguishing lamps without exploding. 


_ The physiological action of blackdamp in air depends, within wide 
limits, on the percentage of carbon dioxide in the blackdamp, although of 
Course the oxygen content is also highly important. The effects of breath~ 
ing blackdamp are those of oxygen deficiency and are described later under 
the discussion of the effects of oxygen want. Haldane (19) mentions that 


the presence of carbon dioxide diminishes greatly the risk that would 
otherwise ex 


that (Oo inc 
breathing an 
of the dloodg 
SOCciation 


ist from the diminution of oxygen percentage, owing to the fact 
reases the oxygen percentage in the alveolar air by stimulating 
d reises the hydrogen~ion concentration (increases the acidity) 
, thus increasing the circulation rate and assisting the dis- — 
litt] of oxyhemoglobin in the tissue capillaries. There is, therefore, 
© or no danger from lack of oxygen until the oxygen percentage in the 


a falls to 6 or 7 percent: if the oxygen falls much lower death occurs 
“om Oxygen want. | 


: Fire - ~ Firedamp is a combustible gas composed principally of 
ee but it also may contain small proportions of hydrogen, ethane, and 
ae hydrocarbons. It always occurs mixed with various.amounts of oxygen, 
aa and carbon dioxide (18). There is always the risk in mining, and 
in ree ly in coal mining, of drilling into a pocket of methane and possibly, 
ht oo instances, of hydrogen. This is by no means rare and may be 

lees - by fatal results. Pure methane is colorless, odorless, and taste- 
lane Nn certain concentrations it burns in air or oxygen with a pale~-blue 
soneeatt t contains no oxygen, is not a sunporter of combustion in the 

ca Y accepted meaning, end unmixed with air quickly extinguishes a 
limite ar however, mixed with air in certain proportions - approximate 
a (of inflammability in air, 5.3 to 14 percent by volume (20) - it is 
*Piosive (21), Although methane is nontoxic it may so dilute the oxygen 
6093 ; 
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of the air as to produce the anoxia described in the discussion of oxygen, 
and this is a definite hazard in some mining places. 


There has been some discussion es to whether the effects of inhaling 
air containing methane are due entirely to anoxia —- disturbance in the 
oxygen supoly and utilization in the body (22) ~ or whether the gas is 
poisonous. The following statement from Glaister and Logan's Gas Poisoning 
in Mining and Cther Industries (23) indicates that methane has no effect 
other than oxygen want: 


Methane has no poisonous action on man, and one might breathe 
with impunity an atmospnere containing a large percentage of methane, 
provided the atmosphere contains a sufficient amount of oxygen. So 
long as the amount of oxygen is not seriously reduced, no ill effects 
can result from the breathing of firedamp. As Paul Rert pointed out 
long ago, the physiological effects of firedamp are just like those 
produced by eir from which a proportion of its oxyzen has been re- 
moved. Conttary to the ceneral oninion, however, that civedamp pro-~ 
duces no efsicts unless CO or COo is present, or where the percentage 
of oxygen is much lowered, Lussem (24) has demonstrated by experi- 
ments that where a large percentage of CHy, is present a stupefying 
effect is produced. For example, he found that when animals breathed 
a large quantity they became very sleery, while on men also it has 
a stupefying effect. Sut in all cases recovery was very rapid when 
the patient was placed in fresh air. Zxperimenting with olefiant 
gas, he found that this action was much more pronounced, as it had 
a distinct narcotic effect on man. 


It is well to rememter, novever, tnat the very presence of these 
different gases in the air means a reduction in the amount of oxygen 
present, and also that wherever there is much methane, it necessarily 
follows that there is also present an increased amount of COs. In 
itself then, marsh gas has no toxic action on man except in the 
absence of sufficient oxygen, when it may lead to asphyxiation. 


Henderson and Haggard (25) list methane as a simple asphyxiant and stat 
that simple asphyxiants are of two types ~ those entirely inert physiologi-— 
cally and those with "some slight, specific action." When members of the 
latter group “are inhaled in high concentration with air they cause asphyxie 
before this action is manifest," The latzer group includes "the lighter 
hydrocartons of the alirnatic series, sucn as methane and ethane, and some c 
the gases which, when administered with oxygen, are now used as anesthetics, 
These authors state that the simple asphyxiants act entirely by excluding 
oxygen from the lungs; their effect is proportional to the extent to which 
their presence diminishes the percentaze, or rather pressure, of oxygen in 
the inspired air. They all act identically, therefore, when present in 
equal molecular concentration. Moreover they must be present in considerab] 
amounts tefore they exert an aporeciable effect. In the sections describing 
the symptoms of anoxemia the authors (25) stated that the oxygen can be re— 
duced to two-thirds of its normal percentace in the air before noticeable 
symptoms of anoxemia develop. <A reduction of the oxygen to this degree 
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necessitates the presence ef the simple asvhyxiants in a concentration of 33 
vercent in the mixture of air and gas. When 50 vercent of the gas is present 
2tan is soon rendered incapable of making a vigorous effort to escape. About 
15 percent is quickly fatal. 


After ‘eyanigins many persons whose lives had been spent in firedamp—laden 
=ines and persons who had been asphyxiated by firedamp, Hautain (26) coneluded 
“lat asphyxia. by methene is due entirely to lack of oxygen. This was confirme4 


‘7 experiments in the laboratory of the National Institute of Mines of Belgium 
23% followss . 


Guinea pigs, mice, little birds, a dog weighing 12 lb., Ghee. . 
weighing 29 1b. were used in these tests, which were made with Bels... 
gian mine gas in concentrations of not more than 36 percent methane, . 
then with coke-oven gas carefully freed of hydrogen and carbon monox~ 
ide and analyzing 70 to 72 percent methane, and lastly with Saar 
firedamp containing 92 percent of methane. For comparison, experi- 
nents were made also with nitrogen and hydrogen ~ inert gases. 


‘Despite the facts advanced by Dr. Hautain in support of his be- 
lief, the investigators concluded that methane is inert and not poi- 
sonous. The experiments showed, however, what a small oxygen content 
sufficed to sustain life in the bodies of animals, The smaller dog 
rested for 8 hours without any discomfort in a glass enclosure, - 
treathing gas from the Patureages gasometer which had § percent of | 
oxygen, 36.6 of methane, 54.76 of nitrogen, and 0.64 of carbon dioxide. 


‘One is astonished, says Professor Breyre, the administrator 
general of the institute, that animels can continue to live in such 
high percentages of inert gas when one recalls with what rapidity 
men fall in methane mixtures, notably in face workings without a re- 
tirn. airway, but, under such circumstances, he adds, the methane is 
concentrated and does not readily diffuse itself into the surround- 
ing air. 


Afterdamp. — Afterdamp is a mixture of air, blackdamp, white damp (carbon 
nae) y and carbon dioxide. It results from mine fires and from the explo- 
‘on of firedamp or coal dust, or both, and air and when fresh sometimes is 
“senly colored by smoke or soot (18). Haldane states (19) that en inquiry into 
“28 ceuseg of death in colliery explosions revealed that about 95 percent of 
the men rho died underground were killed by carbon monoxide, although a consider~ 

"tle number. had received such serious skin burns that they hardly could have 
“urvived in any case; death was never due to deficiency of oxygen in the air, ex- 
*23¢ af carbon dioxide, or, apart from exceptional cases, to more than e percent 
Sf carbon monoxide; it was clear that the men had died in air containing plenty 
“f axygen_and not much carbon monoxide. This statement might be contradicted, 
Tat least modified, by persons familiar with conditions in mines of the United 
tates after mine explosions. 


Smoke from blasting may contain various poisonous gases, as well as (Oo, 
weordine to the nature of the explosive used. All explosives apparently give 
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off some CO, and some are lixely to give off oxides of nitrogen as well as 
other toxic gases. Black blasting powder produces both CO and HoS; in cases 
of gassing it is often difficult to decide which gas has been responsible 
(19). When explosives conteining nitrogen burn instead of detonating, the 
nitrogen forms oxides of nitrogen along with CO instead of COs. 


The effects of breathing air containing different concentrations of 
oxygen, carbon dioxide, oxides of nitrogen, hydrogen sulphide, and sulphur 
dioxide are described in the following sections devoted to each gas. 


Oxygen 


Air is the most important of the vital requirements in the environment 
of living things, and oxygen probably is the most necessary constituent of 
the air. Although too much oxyzen in the air is not harmful like oxygen 
deficiency, it may under some circumstances have ill and even disastrous 
effects if breathed by a healthy individual in excess of his needs (27) or 
at higher than normal atmosvheric pressures. 


According to Webster's unabridged dictionary oxygen is a colorless, 
tasteless, odorless, chemically active, gaseous element occurring in the 
free state in the atmosphere and combining with ell the elements except 
argon and fluorine; the process of combination is called oxidation, of 
which ordinary combustion is a more intense form. Oxygen is a little heavier 
than air; a liter of normal air (760 mm and 0° C.) weighs 1.292 grams, while 
a liter of oxygen (760 mm and 0° C -) weichs 1.429.grams. Oxygen is.soluble 
in water; 100 volumes of water at O° C. can dissolve nearly 5 volumes of 
oxygen under normal pressure and at 20 C., 3 volumes of the gas (28). 


Effects of breathing high concentrations of oxygen. = The normal pres~ 


sure of oxygen in the air is 20 percent or 152 mm. Atmospheric air supplies 
an excess of air over the needs of the body, and under ordinary conditions 
of rest or moderate activity breathing pure oxygen has no beneficial effect. 
However, in performing heavy muscular work the muscles use more oxygen, and 
if the work is continued for some time the quantity of oxygen in the air may 
be insufficient in spite of the increase in respiration and circulation. In 
such cases an increase in the percentage of oxygen in the inspired air enables 
the muscles to contract more efficiently and to perform more work (29). Ac- 
cording to Bert (30) the maximum effect of oxygen under these conditions is 
obtained when its pressure in the inspired air reaches 60 to 70 percent; 
however, he concludes from many experiments on animals and plants that all 
living things are killed at pressures of 300 to 400 percent. 


Investigators seem to disagree as to the harmfulness of breathing high 
concentrations of pure oxygen. Oxygen pressures of 100 to 130 percent (1 to 
1.3 atmospheres) are said by some (29) to kill animals in a few days and 
those of 180 percent (1.8 atmospheres) to kill mice and birds within 24 hours. 
Others (31) claim that rats, guinea pigs, and rabbits develop fatal pneumonia 
when exposed to 70 to 100 percent oxygen for 3 to 15 days, although experi- 
ments show that these animals can be exposed without apparent harmful effects 
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to virtually 100 percent oxygen 16 hours a day for 50 consecutive days. 

ales exposed to 60 percent oxygen for more than a year in the Eudson tun- 
nels remained in perfect health (32). German investigators state (33) thet 
the long—current belief thet it is injurious to health to breethe pure 

oxygen for any length of time is in error, as investigations with gas pro- 
tective apvaratus such as oxygen mine rescue breathing-apparatus show that 
the oxygen content may be increased to 100 percent and that it is not danger-— 


cis to breathe air containing high concentrations of oxygen as long as the 
pressure is normal. 


According to Evens (31) no harmful effects resulted from administering 
60 to 100 percent oxygen continuously for several days to cyanotic patients. 
dn the contrary, these hish concentrations proved beneficial and apparently 
saved many lives. He found that administration of oxygen cleared up edema 
of the lungs when it was present instead'of producing it; it would not have 
done this had oxygen been an irritant. 


Sayers (34) has found that animals can live in pure oxygen for 16 hours 
a day without harmful effects. This was confirmed by Barach (34), but he 
discovered also that pulmonary edema developed when animals were kept the 
rest of the 24 hours in 50 percent oxygen instead of air. He believes, how-~ 
ever, that it is safe to administer 90 to 100 percent oxygen for 10 to 12 
Noirs a day and 50 percent the rest of the time. 


Behnke (35) and his coworkers studied the mental and physical effects 
induced by breathing 96 to 99 percent oxygen at pressures of 1, 2, 3, and 4 
atrospheres and concluded that healthy men between the azes of 22 and 40 can 
treathe pure oxygen with comparative safety as follows: 4 hours at 1 atmos-— 
zaere; 3 hours at 2 atmosnvheres; and 2 hours at 3 atmospheres. At 4 atmos— 
nieres one subject had convulsions and enother feinted after exposures of 
aruroximately 45 minutes (only two subjects were tested at this pressure). | 
txposure to 1 atmosphere for 1 to 3 hours caused impaired neuromuscular coor~ 
dination and power of attention (or increased effort to maintain these func-— 
tions) in 3 of 4 subjects tested, and exposure to oxygen for 3 hours caused 
nodereate exaggeration of resviratory movements in 2 of 11 subjects. Oxygen 
corsumption was found to be high durinzs the first 2O minutes and then 
jecreased to a constant level for periods up to 4 hours at a eae pres~ 
sure, Blood pressure, respiratory rate, and minute volume2 (with two 
exceptions) were constant at the four pressures. 


Although the administration of oxygen may help to relieve symptoms 
accompanying increased musculer activity and thus make possible greater-—than- 
normal eaectivity, the capacity for physical exertion is modified by the capacity 
of the respiratory and circulatory avparatus to adjust themselves to augmented 
tasks (36). Respiration and circulation have been called the servants of the 
=iscles, therefore, when the limit of ability to supply oxygen is approached 
or reached, compensation may fail due to the inadequacy of respiration and 
circulation. Schneider (37) has called attention to the close relationship of 


5 Yolume respired per minute. 
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oxygen absorption, minute volume, respiratory rate, frequency of heart beat, 
oxygen pulse, and performance of muscular work. 


Effects of breathing increased percentages of oxyzen are of interest in 
mining, especially in connection with the wearing of oxygen breathing~eppara— 
tus, in caisson and tunnel work, and in the treatment of poisoning by toxic 
gases. 


Effects of breathing sir deficient in oxygen. — Breathing air deficient 


in oxygen is of course a much greater and more frequent hazard in mining than 
exposure to higher—than—normal concentrations of the gas. When normal air, 
which contains about 21 percent (20.94 percent) oxygen, is circulated through 
amine it loses some of its oxygen by the breathing of men and animals, and a 
certain amount is absorbed by tne coal and timber or combined chemically with 
minerals such as pyrite, marcasite, etc.; moreover, the oxygen content of the 
air may be diluted by intrusion of extraneous strata geses, such as nitrogen, 
carbon dioxide, methane, etc., or by gases formed by action of chemicals in 
mine water on minerals or rocks. The absorbed oxygen is replaced largely by 
carbon dioxide, which is given off by the breathing of men and animals, by 
the coal and decaying timbers, and by chemical action of water and rock (16); 
large or small quantities of methane (CH) may also replace some oxygen, the 
anount depending on the volume of the air current and the amount of methane 
that is being liberated. Most coal mines give off or are likely at any time 
to give off methane, and in some mines (especially metal mines) gases intrude 
from the strata ~ nitrogen, carbon dioxide, hydrogen sulphide, etc. 


Peters and Van Slyke (22) use the term "anoxia" (meaning literally 
"oxygen lack") to cover any condition that retards the oxidation processes in 
the tissues; the less specific word "anoxia" seems preferable to the specific 
term "anoxemia" (meaning literally oxygen deficit in the blood) generally 
used in the literature. These investigators (22) classify anoxia according 
to types as follows: 


1. Anoxic anoxia. If there is a deficit in the arterial oxygen. 
tension at which the blood delivers oxygen to the cells tne 
-latter are compelled to work at a lower pressure. . 


e. Anemic anoxia. The same result follows if, because of lack 
or inactivation of hemoglobin, the volume percent of oxygen | 
that can be carried by the arterial blood is low; in this case 
removal of the usual volume percent of oxygen from the blood 
by the cells is accomplished by an abnormally great fall in 
tension, 


3. Stagnant anoxia. Even when the arterial blood has an entirely 
normal oxygen content and pressure, anoxia in the cells occurs 
if the circulation is so retarded that tne oxygen is not trans- 
ported rapidly enouzh to maintain its optimum tension in the 
active tissues. 
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4, Histotoxic anoxia. Furthermore, with oxygen supply perfect~ 
ly normal in all respects, anoxia may nevertheless occur if 
the tissue cells are poisoned in such a manner that they can- 
not use the oxygen properly. This type, which we shall call 
histotoxic anoxia, occurs in poisoning by cyanide, alcohol, 
and apparently certain other narcotics, 


To illustrate the different origins of the types of anoxia, the oxygen 
supply of the body and its tissue cells is compared to the milk supply of a 
house and its inmates; starvation may arise because: (1) The supply is too 
dilute to support life; (2) even with a perfect supply delivered at the door 
the servants (erythrocytes) may be too few; (3) they may be too sluggish in 
movement to transport it to the table as rapidly as needed; or (4) despite 
perfect material and transportation, the family (tissue cells) may be too 
intoxicated to consume what is set before them. 


The effects of breathing air deficient in oxygen vary with the concen- 
tration of the gas or, in other words, with the amount or degree of the 
deficiency. According to Haldane (19), if pure anoxemia is produced sudden- 
ly, loss of consciousness occurs suddenly and without previous warning 
syootoms. A miner who puts his head into a cavity in the roof full of pure 
or nearly pure methane or nitrogen drops as though he had been felled, and 
when he recovers after breathing pure air for a few seconds he sometimes 
imagines that he has been knocked down by another man and acts accordingly. 
If the anoxemia results with moderate rapidity, marked temporary disturbances 
in breathing and circulation as a rule give some warning of what is coming. 
If the onset is gradual, little or no preliminary discomfort is experienced, 
therefore lack of oxygen is very dangerous not only in mine workings but 
especially in ascents to high altitudes in balloons and airplanes, as well as 
under other conditions in which it is a factor. 


Symptoms of anoxic anoxia (due to breathing air of diminishing oxygen 
content) appear at different oxygen pressures in different individuals, de- 
rending upon health, physical fitness, age, etc. (29). Schneider (38) found 
that during rebreathing tests in the medical research laboratory of the Air 
service, a few men experienced an increase in lung ventilation with the first 
decrease in the oxygen percentage of the air breathed, which increased 
gradually in inverse ratio to the reduction in oxygen. More than 50 percent 
of the men examined, however, gave the first respiratory response at 16 to 14 
vercent of oxygen; 25 percent responded first at a lower percentage; and a few 
gave no response. The response was slight in most subjects but became more 
pronounced when the available oxyzen had decreased to 12.5 to 9 percent. With 
8 to 6 percent oxygen most of the men breathed 5.5 liters more than at the 
beginning of the experiment, and depth of breathing increased 20 to 128 per-— 
cent. When the minute volume of breathing failed to increase or increased 
only slightly (1 or 2 liters) as the amount of oxygen inhaled decreased, lung 
ventilation was insufficient, and the subject was unable to tolerate as low 
an oxygen tension as the man whose breathing gradually deepened as the avail- 
atle oxygen decreased (3%). 


5293 ~ 13 - 


Google 


IT, C. 7001 


According to Schneider (38), a very marked acceleration in heart beat 
occurs when the oxygen has fallen to 13 to 9 percent. Some men at first 
react with a good acceleration rate but soon reech a rate bevond which 
there is no further response, even though the oxygen percentage continues 
to be lowered; after holding this rate for a while the heart in such cases 
suddenly begins to slow, a sure sign that the limit of endurance has been 
reached, An acceleration in heart rate of more than 4O beats per minute 
throws too great a burden on the circulatory mechenism and indicates poor 
tolerance of low percentages of oxygen. 


Hingston (39) reported the following reactions to oxygen deficiency 
among the men attempting to climb Mt. Everest in 1924: 


Percent O5 | Feet | Hffects . 


12,28 14,000 Definite shortness of breath. 
10.56 18,000 Severe exercise caused quick and 
labored breathing. : 
9.41 21,000 Slightest exertion caused respiratory 
| distress. 
1855 27,000 Breathing so difficult that rate of 
to | progress was incredibly slow (1 hour 
7.03 23,000 to climb 100 feet), and it was neces- 
sary to rest 1 to 2 minutes every 20 
| to 30 yards. 


Cheyne-Stokes respiration (respiration varying in intensity) began fre- 
quently at 12,000 feet (13.23 percent of oxygen) during sleep and was marked 
in cases of illness. Headache was common but not severe; loss of muscular 
power, forgetfulness, and mental lassitude were experienced, but there was 
no impairment of judgment. Hingston stated that, contrary to the experience 
of the previous expedition, oxygen was of little value. 


Hingston's statements that there "wes no impairment of judgment" and 
that “oxygen was of little value" in connection with breathing oxygen-defi- 
cient air do not egree with statements of other investigators. According to 
Haldane (19) powers of sane judgment are mich impaired, and a gradual and 
insensible failure of judzment is experienced; anoxemic persons become more 
or less subject to irrational fixed ideas and to uncontrolled emotional out- 
bursts. Haldane states also thet the symptoms of oxygen want resemble those 
of drunkenness and that a man suffering from anoxemia cannot be held respon~ 
sible for his actions, although he is always confident that he himself is 
perfectly sane and reasonable and usually will insist in going on with what 
he has set out to do. An airmen probably will continue to ascend, oblivious 
of danger; a miner engaged in rescue or exploration work or in fignting a 
mine fire, when he is suffering from lack of oxygen, often fights anyone who 
tries to make him stop. 
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An interesting description of the reactions to oxygen deficiency of a 
pilot flying at high altitudes has been reported by the Bureau of Aero~ 
nautics of the Navy Department (40): 


When a pilot flying at high altitudes notices his fingers 
beginning to twitch, it is time for him to seek the safety of 
lower levels, it appears from the experience of a U. S,. Navy 
pilot. ° 


The incident which showed twitching fingers to be a danger 
signal is reported by the Navy Department's Bureau of Aeronautics 
almost simultaneously with revorts that flight surgeons of the 
War, Navy, and Commerce Departments are planning tests which will 
show the effect of stratospheric conditions on flyers and passen-— 
gers. 


The incident occurred during an altitude flight by Fighting 
Squadron Six of the U. S. S. Saratoga. 


"One of the oxygen regulators," states the Bureau of Aero- 
nautics report, "began to economize a bit and the pilot became 
non compus mentis in such short order that he was unable to leave 
the formation voluntarily before becoming not only a hazard but a 
menace to the rest. ; 


"As leader of the second section he calmly crawled up and 
tried to sit in the skipper's lap, then lost distance quite 
noticeably and finally ended up by flying around in a wide left 
circle, gradually losing altitude. His wing men saw his shoulders 
heave as he bravely pulled at the nipple to coax more oxygen into 
his starving lungs. After descending to 18,000 feet, he regained 
control of his senses and responded more or less intelligently to 
the signals of his left wing man, who finally coaxed him back in- 
to formation. 


"After landing, he could not remember clearly what happened, 
but about a half hour later, while eating lunch, the memory 
started coming back. He then reported the following symptoms 
which may be of interest and value: 


Slight twitching of the fingers. 

Twitching of muscles in the wrists. 

Difficulty in controlling the hands. 

Eyesight apparently O. K. but range of vision very short. 
Feeling of annoyance when squadron commander made a turn. 
No apparent discomfort or loss of breath. 

No sense of hearing (had radio but did not respond to 
repeated calls)." 


SEO eA NV 


Barach (41) also mentions the similarity between drunkenness and acute 
oxygen want and states that the symptoms of drunkenness are increased con-~ 
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spicuously by oxygen want. This would indicate the edvisability of not 
allowing persons who imbibe elcohol to enter atmospheres that may be 
deficient in oxygen. Barach (41) describes the effects of exposure to low 
percentages of oxygen as follows: 


Chemical reactions in tue oody due to oxygen deficiency 
include a lowered saturation of the arterial blood with oxygen, 
a decreased content of carbon dioxide, increased urinery acidity, 
end an increase in nitrogen excretion, especisrlly ammonia, in 
the urine. Loewy states that these chanztes may be observed in 
man at rest at altitudes as low as 2,450 meters, approximately 
6,000 feet, and are more pronounced at altitudes of from 10,000 
to 12,000 feet. 


Several hours of moderate enoxia such as that produced by 
an altitude of from 10,000 to 12,000 feet, which may result in 
an arterial oxygen saturation of from 8&3 to 87 percent, not only 
produces malaise and other symptoms or oxygen want, out these 
symptoms are apt to persist ror some hours after return to normal 
oxygen conditions, es pointed out by Peters and Van Slyke, pre-~ 
sumably because of cumulative changes that take place in the cells 
before acclimatization can be accomplished. Recognition of this 
fact is of importance, since an aviator may be exyosed to a re- 
duced oxygen pressure at a certain period in a flight and the 
effects manifest themselves 3 or 4 hours later when traveling at 
low altitudes. Furthermore, in some individuals, acclimatization 
may not be attained for months or years; irritability and various 
sorts of malaise may be much more merked than at sea level, and | 
prolonged residence at altitudes over 10,000 feet appears frequent- 
ly to lead to premature cardiac failure. I do not wish to 
emphasize the more severe symptoms that teke place at altitudes of 
from 12,000 to 24,000 feet in which conspicuous interference with 
reason, judgment, memory, and control taxe place slong with more 
pronounced cardiorespiratory symptoms ending in coma and collapse 
(third stage show in the table) but to direct attention to the 
fact that mental impairment such as difficulty in concentrating 
and increased effort in attempting to concentrate occurs at alti- 
tudes of from 10,000 to 12,000 feet to a varying degree denending 
on the individual. According to Barcroft, the brein is the most 
vulnerable organ in altitude sickness. Altiough no opportunity 
has been had to investigate the pathologic effects of moderate 
degrees of oxygen want on the human brain, it is of interest to 
remember that cases of fetal anoxia, chiefly those due to carbon 
monoxide poisoning, have shown cerebral edema as their outstanding 
lesion, which may be attributeble to the increzse in capillary 
permeability observed experimentally by Landis. 


Especially pertinent to onr discussion are the results of 
breathing from le to 10 percent oxygen mixtures in a group of 
patients suffering from psychoneuroses characterized by fatigue, 
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neurasthenia, and psychasthema, when compared to normal subjects. 
Whereas very few of the control subjects showed more than impair- 
ment in judgment, memory, and emotional control and physiologic 
elevation of the pulse and blood pressure, a large percentages of 
the patients collansed or showed marked deterioration in mental 
function. Furthermore, undue fatigue such as that induced by 
keeping a subject awake the night before the test resulted in re- 
sponses to low oxygen similar to the patient with neurotic fatigue. 
Although the degree of oxygen want induced in these studies was 
definitely greater than that ordinarily employed in transcontinental 
aviation, the results obtained clearly revealed an increasing in- 
ability of the individual suffering from fatigue psychoneurosis to 
handle oxygen want as compared to the normal person. 


These statements of Barach are applicable to mining as well as to avia-— 
tion and indicate the ill effects that may be expected when men work in mine 
air deficient in oxygen; these probably increase where temperatures and 
numidities are abnormally high. The ill effects also may be greater in mines 
owing to long exposure day after day and year after year to atmospheres only 
slightly deficient in oxygen than tests of short duration would indicate. 
Barach (41) intimates such a possibility when he states that "it must be 
admitted that the short duration of most psychologic tests of oxygen want 
linits somewhat the knowledge acquired from them." The same criticism 
doubtless applies to the physiological tests. 


According to Flury (42) little or nothing has been known until now of 
the chronic action of gases in themselves designated as indifferent especially 
tne consequences of breathing them continuously over a period of years; the 
sane is true of methane and carbon dioxide. Moreover, the action of carbon 
onoxide and hydrogen sulphide, as well as radioactive substances in gases 
cage by strata with a firedamp content, has not yee been clarified. He 
states: 


In view of the lack of certitude regarding the chemical bases 
the connection between mine gases and miners! diseases can be de- 
termined only with the greatest caution. On the one hand, the 
dominant fact is the lack of oxygen and the presence of various 
gases belonging to the narcotics of the methane series. On the 
other hand, statistics reveal a whole series of effects on the 
health of miners. Judgment in the matter is rendered difficult by 
an extraordinary accumulation of different causes to which must be 
added the antiphysiological conditions under which heavy work has 
to be done. There is, nevertheless, no doubt that toxic factors 
play a part and probably to a much greater extent than has been 
assumed so far. The lack of oxygen is in itself responsible for 
diminished resistance in general and exerts in the long run an ef- 
fect on the various systems. To this is added the varied effects 
of the gases in question: The influence of carbonic acid, con- 
sidered as harmless, on respiration, circulation, and metabolisn. 
kust not be underestimated. Breathing of this gas produces the 
same effect as physical work. Further, definite data are for the 
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moment not available except in so far as concerns diseases of the 
nervous system, the system with the greatest need of oxygen and 
the most sensitive to poisons. In this field amongst the mlti- 
form disorders encountered, the most important is miners! nystagmus. 
This difficult proolem cannot be resolved without talcing into con- 
sideration the part pleyed by toxicological factors, and in no wise 
purely on the basis of simple ophthalmological examination. Apart 
from the well-known causes dealt with in the special literature on 
the subject and which point to the influence of the air in mines, 
emphasis must be laid on the fact that amongst the numerous poisans 
- which have been shown experimentally to cause nystagzaus, the methane 
derivatives ~ hydrocarbons, alcohol, narcotics, etc. «= occupy the 
most important place. Carbon monoxide, lighting gas, benzene, and 
petroleum also belong to this class. Nystagmus should very probably 
be considered as a special type of occupational neurosis having as 
its cause disturbance of coordination. The simplest explanation of 
ifs origin is to be sought in a toxic effect exerted on the nervous 
centers concerned, In the production of complicated disturbance of 
the reflex apparatus there may be traced the influence of various 
factors (optic conditions, fatigue, working conditions), the rela- 
tive importance af which has yet to be determined, It is almost 
indisputable that the gases in question, perhans even methane, cause, 
after exposure lasting for years, a toxic predisposition which 
favors the outbreak of nystegms. The probability of this is still 
greater in regard to other cases, and more esnecially in regard to 
the effect of combinations, but absolute proof of this does not so. 
far exist, and to obtain it implies very extensive, thorough, and 
accurate research which could be best realized by collaboration be— 
tween the various peoples having at heart the welfare of their 
workers. | 


In 1913 Hill and his coworkers (43) called attention to the fact that 
the partial pressure of oxygen in a mine at a depth of 3,000 feet is con- 
siderably higher than at sea level, therefore if the percentage of oxygen is 
reduced to 17 there need be no lower pressure in the alveolar air of the 
lungs than at sea level and miners can still live and work without ill ef- 
fects. A report concerning a place in a mine where eae quantity of blackdamp 
was given off and "a light would not burn 1 foot 6 inches from the floor or 
in the waste, and yet the men had no fault to find with the atmosphere" is 
quoted as confirming this, although in this case the air near the floor may 
have been hichly charged with carbon dioxide while the oxygen content of 
that at the level of the head wnen standing may have been normal or nearly 
so. It was claimed that experimentel evidence showed that "it is only when 
the partial pressure of oxygen is lowered very considerably that signs of 
oxygen want arise." Rees (44), however, states that the percentage of. oxygen 
should never fall below 19 and that the carbon dioxide increase should never 
exceed 1.25 percent in mines. The Mine Safety Board of the Bureau of Mines 
(45) in defining pure intake air decided that for health and safety it should 
contain not less than 20 percent oxygen (dry basis). 
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The body adapts itself to some extent to lowered percentages of 
oxysen in the air breathed; that is, the anoxia that would exist without 
adaptation is greatly diminished, as in versons living at high altitudes, 
or the tissues may edapt themselves to a lower partial pressure of oxygen. 
The modern theory (46) is that acclimatization takes place in three ways: 
(1) By increase in the number of red cells that carry oxygen in the blood: 
(2) by increase in ventilation of the lungs; and (3) possibly by active 
secretion of oxygen into the blood ty the lungs. Campbell's (46) experi~ 
nents, however, showed that animals could not be acclimatized and live long 
at altitudes above 18,000 feet; he found they could live in a concentration 
of oxygen equal to 12 percent of 1 atmosphere, but not for more than 6 weeks 
in a concentration equal to 10 percent, Owing to lack of oxygen deteriora» 
tion sets in, and the animals finally show degeneration of certain organs 
such as the heart and liver; they recover if exposure to the low concentra~ 
tions of oxygen is terminated before deterioration has advanced too far, 
Peters and Van Slyke (22) state that residence at altitudes higher than 
10,000 feet, according to general observation, appears frequently to lead 
to premature cardiac failure. Haldane (19) stated that adaptation requires 
time, and the time factor must be taken into consideration in judging the 
effects of oxygen wante 


Studies by the Bureau of Mines and the Public Health Service (47) 
revealed that the neuropathology of dogs exposed to atmospheres depleted of 


oxygen was similar to that of dogs given equivalent exposure to carbon 
monoxide. 


Carbon Dioxide 


Carbdn dioxide (CO0.) is a colorless and odorless gas having an acid 
taste (21). It is the product of complete combustion of carbon or carbonace- 
ous matter in a plentiful supply of air or oxygen (21); it is also a product 
of the decomposition of organic compounds and of the respiration of men and 
enimels (16). It will not burn or support combustion, and it is heavier than 
air, Excess CO> in mine air usually is associated with oxygen deficiency. 
Owing to its high specific gravity it usually collects along the floor in 
low places where it is formed or where it emanates from the rock strata. It 
is likely to be found in long, unventilated dead ends and in winzes, 
especially where porous strate and fissured lodes exist, and very few 
heavily timbered mines are free from this gas, particularly where the mine 
atmosphere is relatively stagnant (48). Carbon dioxide emanates from the 
Tock strata in underground workings of certain mines, notably in the Cripple 
Creek (Colo.) and Tintic and Park City (Utah) districts, as well as in 
mmerous other metal-mining regions (16). There have been terrible C0, 
catastrophes in Europe; in July 1930 an outburst of O05 in a coal mine in 
Silesia killed more than 150 persons, of whom some were hurled to death with 
explosive violence but most were asphyxiated by the very rapid flooding of 
the workings with COs gas (49), 


When CO5 is breathed in high concentretions it produces a prickling 
sensation in the mucous membranes of the nose (48). C05 fulfills a peculiar 
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and important function in human life and is necessary for tne growth of 
vegetation; it is indispensable in the mineral world and is required in 

all life processes (50). <Apvarently the carbon dioxide of the blood 
constitutes the normal stimulus to the respiretory center, whose activity 
varies with the concentration of carbon dioxide in the blood. When the 
carbon dioxide pressure is reduced below a certain point in the respira- | 
tory center the latter ceases to respond to even the most extreme stimulus 
of oxygen want (19). -In the presence of oxygen so high enough concentration 
of CO. acts as a narcotic and possibly affects tho tissues also; when 
oxygen is lacking CO. acts as an asphyxiating gas; it also has a nonspecific 
acid effect on the skin and mucous membranes (51). The following table, 
taken from a German pamphlet (50), indicates the physiological effects of 
exposure to various concentrations of C05: 


Physiolorical effects of exposure to various 
concentrations of C05 


Experiments Without Apparatus 


Carbon 

dioxide, Location Reaction 

percent | | | 

Yu . In exhaled air (16 nercent 05) 

5.5 In the air of pulmonary vesicles 

45 In the inhaled air Deeper breathing due to in- 


creased stimulstion of the 
respiratory center. 
5-6 do. Same effect as 45 percent 
| limit of indurance without 
apparatus). 


& i do. Headache, dizziness. 

9.5 do. Very severe hendache, dizziness, 
preliminary stage of COo 
narcosisSe 

10 do. Unconsciousness, C05 narcosis. 


Experiments With Apparatus 
Without Protective Goggles 


2eOt In the surrounding air Sensation of heat in skin of 
tender parts of the body 
(waist, inner surfaces of arus, 


scrotum). 

Lo do. Severe burning sensation in the 
eyes. 

Ls do, Tears in the eyes. 

50 dO. Tears in the eyes and intoler- 


able burning sensation. 


Experiments With Animals 


D0~ 70 In the surrounding air Breavarne stops after a few 

n ° 

15-80 do. Death in the form of apoplexy. 
6293 ~ 20 = 


Google 


Ie OC, FOOL 
A supersaturation of CO, may indicate a lack of oxygen. 


In experiments (52) made at the Bureau of Mines experiment station, 
Pittsburgh, Pa., about 2 percent of carbon dioxide in oxygen produced a 
slight increase in lung ventilaticn but no subjective symptoms; 5 percent 
in oxygen caused a noticeable increase in lung ventilation but no other — 
signs or symptoms; 7.2 percent produced a marked increase in lung ventila~. 
tion, moderate sweating, and a slight fullness in the head after the mixture 
had been breathed for 10 minutes: 9 to 10 percent produced about a 300~per- 
cent increase in lung ventilation, and the subject complained of frontal 
headache and was dizzy and sweating at the end of 10 minutes. About 9 per-~ 
cent of carbon dioxide in oxygen was breathed by some of the subjects for. 
as long as 45 minutes, but the breathing was very laborious and dizziness, 
 heedache, and sweating were marked, In fact, to have done any work while 
breathing this mixture would have been extremely difficult. However, the 
minds of the subjects remained clear. All observations were made with the 
subjacts seated. From these data it was concluded that, although it is 
possible to breathe 9 to 10 percent of carbon dioxide in oxygen, any per- 
centage above 5 will cause noticeable effects, and between e and 2 1/2 
percent is all that should be permitted in the inspired air of an oxygen 
breathing apparatus at any time, 


The Underwriters! Laboratories (53) reported the following results of 
experiments with C05 on guinea pigs: | 


CO., percent by volumet Reaction | 


5eOm5 ceccececesceese 10 5 minutes caused an increase of approxinately 
50 percent in rate of breathing in le guinea 
pigs. No difference in reaction between expn~ 
sures for 5 minutes and for 30 minutes, 


10.0~10.40 .......000- ADOUt same reaction as above. Pigs exposed 1 to 
2 hours occasionally rubbed noses. 


19 .6~20.6 sscccceeesee In 1 minute increase of approximately 50 percent 
in rate of breathing; animals fea frequently 
and rubbed noses, e the end of 4 minutes they 
were losing coordination rapidly; after 5 
minutes they were uneble to stand: removed to 
air they partially recovered in 10 minutes but 
were exhausted next day, After %0 minutes! -ex- 
posure they were semiconscious; recovered 
vartially on exposure to air for 10 minutes; . 
recovered but were exhausted for l day. 


CO 30 cccccoevecccesce ALi onimals lost coordination within 1 minute, 
coughed frequently and breathed audibly; all 
were unable to stand at the end of 3 minutes; 
recovered partially within 2O minutes after ex- 
posure of p minutes; after exposure of 30 
minutes animals were unconscious; they were 
exhausted for 2 days but recovered and appeared 
normal. After exvosure for l hour, one ani 
died ol hours after removal: t-70 others were 
weak and exhausted 2 days after test. In a 2— 
hour test 1 animal died at beginning of second 
hour: two others were unconscious but recovered 
partially after 1 hour in air; they were 
and exhausted for 2 days but recovered and 
appeared normal, 
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According to Flury and Zernik (51) men exposed to 8 to 10 percent 
(about 144 to 180 mg per liter) of C05 quickly lose consciousness and die 
of cessation of respiration; 20 percent leads in a few seconds to complete 
paralysis of the important life centers. Action on the skin begins with 
exposure to 20 percent CO. In addition to these general effects, CO 
also exerts a local action, due to its acid character, as follows (5): 
Prickling of the skin and reddening of the skin and mucous membrane of the 
nose and throat as well as of the conjunctiva, increased feeling of warmth, 
and profuse sweating. Inhalation causes more or less coughing due to 
irritation and a feeling of warmth in the breast. Individual susceptibility 
to these local reactions varies; in some persons they appear with exposure 
to 5 percent; in others, not until a concentration of 10 to 12 percent is 
reached, Flury and Zernik (51) state that when the feet are held ina 
layer of CO, or pure CO, is blown on the skin, immediately there is a feeli: 
of warmth, then itching and stinging, and after a time anesthesia, 


According to experiments by Tomaszewski and his coworkers (54+) the 
following changes were noted when 8 percent CO5 was inhaled for 1 hours 


The char,zes may be divided into immediate and late effects, 
The direct changes produced in the blood of veins and in the 
respiratory tract consist of increase in the level of carbon 
dioxide, slight increase in the oxygen capacity, decrease in the 
saturation of oxyhenoglotin of the respiratcry tract, increase 
in the ventilation of the lungs, increase in the depth and speed 
of the respiration, increase in the percentaze of carbon dioxide 
in the air vesicles, incre-se in the percentage of carbon dioxide 
in the expired air, slight increase in the metabolism, initial 
quickening and then slowing of the pulse, and tendency to slight 
increase in the blood pressure, The late changes appearing after 
several days consist of increase and then decrease of the level 
of carbon dioxide in tne blood of the veins, distinct increase in 
the oxygen capacity of the blood, better saturation of oxyhemoglo- 
bin in the venous blood, increase in tne quantity of red blood 
corpuscles and in the amount of hemoglobin, and marked increase 
in the capacity of the active lungs. 


Knowledze of the fact that respiration is controlled by the central 
nervous system through the corbon dioxide content of the blood (50) has led 
to the addition of CO, to 0.4 in the treatrent of cases of gas asphyxia and 
diseases in which oxygen therany is indicated. Details of its use in this 
connection are given in the section cealing with methods of resuscitation 
and treatment of poisonins by toxic and noxious mine gases, 


Carbon Monoxide 
Carbon monoxide (CO), frequently but inappropriately called "white 
damp" (16), is a product of incomplete combustion of carbonaceous materials 


"White damp" is a term apnlied by miners to the white mist or steam that 
under some conditions arises from spontaneously heated coal. Although 
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carbon monoxide is the principal toxic constituent of white damp, the 
latter term is misleading, as ©O is a colorless gas and may be present 
in mine air from other sources, such as explosions of gas or coal dust, 
nine fires, and explosives used in blasting. The following analyses from 
the Bureau of Mines gas laboratory at Pittsburgh, Pa. (55), indicate the 
enproximate amount of CO that may be found in mines under certain condi-~ 
tions: 


CO by volume, 


cype and source: percent 
Mine explosion, immediately after dust explosion 
(experimental): i406 cussae ones suas 6650 eese senses ees &.0 
Mine explosion, 1 day after explosion in coal mine .... 1.02/ 
Mine fire a ee ee ee 2 2) aaa i a a oe oe) 1,0 
Blasting with 40-percent zelatine agente: 7 minutes 
after shooting 100 sticks cecccccccccssrecrccvccsvenses 1.2 
Blasting: 
Products of combustion of black blasting powder ,... 10.8 
Products of combustion of 40-percent nitroglycerin 
GYNEMLEUGC! 26 85.4 6 ioe Se ee wee es koe SS Se ae Siew wiweeeierels 28.0 
Products of combustion of 4O—percent ammonia 
GY NAMI UC 6556. bhi ierere iad he RS ee SOS Os ae awes 50 


i, In some cases, however, 4 percent or more CO has been found in air 


in mines several days after an explosion. 


Pure afterdamp, free of air, may contain as much as &.6 percent CO, 
and a large amount of CO is given off by smoky and smoldering fires, so 
trat the gases from a fire may be much more dangerous than the afterdamp 
of an explosion and from a practical standpoint produce essentially the 
same effects and require the same precautions (19). Some explosives 
broduce much CO and others little, but in practice all seem to give some; 
hence, there is always risk of CO poisoning from the gases from blasting 
mere explosives are used unless ventilation is efficient. In fact, CO 
constitutes a deadly and decidedly dangerous hazard in blasting in mines, 
as it is generated both by the dynamite fired and by the fuses burned, and 
its harmful effects may be augmented by the simultaneous presence of other 
noxious gases such as CO., HS, or oxides of nitrogen. It is formed 
tarticularly in raises, winzes, and development ends after firing. No 
tine is free of fire hazards, and great loss of life has occurred from the 
burning of a few cords of timber or even of a box of explosives; in con- 
fined spaces these give off enough deadly fumes to kill several hundred 
ten, if they are trapped in a mine in which ventilation is defective (48). 


Carbon monoxide exerts its toxic action on man by diminishing the 
axount of oxygen that can be carried by the arterial blood from the lungs, 
and it also retards the passage of oxygen from the blood to the tissues. 
4s a result of this double action the tissues of a person who has inhaled 
(0 suffer from anoxia and are forced to work under abnormally low oxygen 
tension (22), These toxic effects are due to the action of the gas in dis» 
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placing oxygen from its combination with hemoslotin (red coloring matter) 
of the blood which normally absorbs oxygen from the air in the lures. 
However, the affinity of CO for the blood is about 300 times that of 
oxygen, and even if only » small amount of the poisonous gas is present 
in the air breathed into the lungs it will be absorbed by the hemoglobin 
in preference to oxygen. For a person at rest it has been assumed (56) 


that 80 percent of the equilibrium values is attained after the following 
periods: 


Concentration of carbon Percentage blood saturation Time, 7 
monoxide in air (inclusive)| (80 pezcent of approximate hours 
esuilibrium velues 
0.02 .) 0.03 . 23 ~ 30 5 oa 6 
04 a 06 a é ~ ny ; 4 ~ 5 
-07 = .10 T= 53 3~4 
sil ss. 415 55 - 60 11/2- 3 
016 = .20 61 ~ GY 2.11 /2 
220 = ,30 64 — 68 1/2~ 3/4 
130 - 450 | 68 = 73 1/20 — 30 
050 - 1.00 | 


3“76 ©. | |... Bf 2—15 
1/ Minutes.- - -. | | 


With a given blood saturation, the character and severity of symptoms 
acquired during exposure to CC depend upon the time required to attain 
that saturation and the degree of muscular activity, in other words, the 
' extent of oxygen deprivation. The number af symptoms decreases with the 
rate of saturation; with high concentrations the victim may experience only 
a few (weakness and dizziness). If a given saturation has been acquired by 
long exposure to a low concentration, the symptoms and aftereffects are 
likely to be mach more severe than if acquired by a short exposure to a higt 
concentration. Muscular activity increases the number and accentuates the 
character of the symptoms during exposure; it also brings out latent 
symptoms after exposure. A person at rest may pass into a state of dizzine: 
and unconsciousness without experiencing any marked previous effects. In 
general, the predominating symptoms accompanying the various percentages of 
saturation are as follows: 


Percentage of blood symptoms 
saturation: | 
O.. AO. Seeeue seas eeeeee No symptoms. 


10 ~ 20 ........-220-0ee Tightness across forehead; possibly slight head. 
| : | ache, dilation of cutaneous blood vessels. 
20 — ce ceccevecesseceee Headache; throbbing in temples. 


30 — eieeeeg te pcees ayia ete . Severe headache, wealmess, dizziness, dimness o: 
| vision, nausee and vomiting, collapse. 
Uo . BO weccscceeecoevese Same as previous item with more possibility of 
collapse and syncope; increased respiration an 


pulse. 
50 erm oS rere a een eee »ee Syncope, increased respiration and pulse; coma 
7 with intermittent convulsions; Cheyne-Stokes's 
respiration, 


GO — 70 cecccceccccvecsee COMA with intermittent convulsions; depressed 
! heart action and respiration; possible death. 
1 


(0 = BO pees ese ees «e Weak pulse and slowed respiration; respiratory 
failure and death, 
6293 oe) ee 


Google 


Tee Ce 700% 


In addition to the concentration of CO in the air breathed, length 
of exposure, rate of respiration, and the presence of other toxic gases, 
factors governing the physiological reaction are the physical condition 
end ase of the victim. An anemic nerson or one with damaged respiratcry 
organs would suffer sooner, and young children seem to be somewhat more 
susceptible to the gas then older subjects. Spilsberry (57) cites the 
case of a young woman suffering from advanced tuberculosis who committed 
suicide by inhalinz illuminating gas, the fatal blood saturation with CO 
being only 45 percent. According to Peters and Van Slyke (22) 0.02 per- 
cent of CO for a number of hours of exposure may be the maximum concentra-— 
tion permissible for a subject who, because of circulatory or respiratory 
malfunction, already is separated from anoxia by an abnormally narrow 
nargin. 


Nitrogen 


Nitrogen, which forms 78.09 percent of normal air, is not a poisonous 
gas, but it cannot be breathed in the absence of oxygen. A limited amount 
is held in coal, and nitrogen intrusions from rock strata, while by no 
means numerous, are not unusual. Accumulation above the normal amount in 
rine air is due ordinarily to the removal of oxygen from the air by the 
coal or to oxidation or decomposition of timbers or of some types of rock 
or ore, 


An instance is given of the accidental death of two men in a ripping 
ina French mine (58) owing to a comparatively small but regular nitrogen 
tlower. The presence of the gas had not been suspected, and no fissure 
mas discernible at the place of the accident. There are also several in- 
stances of fatalities from nitrogen intrusions in mines (especially metal 
tines) of the United States. Nitrogen is not combustible and will not 
sixport combustion (16). A German report (33) regarding the effects of 
1itrogen in a submarine, in which the oxygen supply was cut off unnoticed 
ty the crew due to damage to the vessel and the carbon dioxide content of 
the air was fixed by alkali cartridge, states that the absence of oxygen 
is unnoticed by the victim, that he feels better and conjures up pleasant 
rental images and thoughts accompanied by wish phantasies, and that he then 
falls suddenly as though stricken by apoplexy and if he is not removed from 
the danzerous environment, will die in a short time. Apparently the 
Esysiclogical effect of nitrogen is due purely to its action as a diluent 
of the oxygen of the air. 


Oxides of Nitrogen 


Oxides of nitrogen are given off in mines when nitroglycerin, blasting 
gelatin, dynamite, or other high explosives are burned rather than exploded 
or when the explosion or detonation is defective or incomplete; the concen- 
tration also is likely to be high in case of a blowm—out shot. Haldane, 
quoted by Sayers (56), found that when nitroglycerin was exploded the gases 
of combustion were 63.2 percent carbon dioxide and 31.6 percent nitrogen 
dit that when it was burned in the presence of its own gases the gases of 
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combustion contained 35.9 percent carbon monoxide and 48.2 percent nitric 
oxide (NO). The latter gas on contact with air is immediately oxidized 

to peroxide and other oxides of nitrogen with tha production of red fumes. 
Peroxide of nitrogen is probably the most irritating of any of the oxides 
of nitrogen. 


Fumes of oxides of nitrogen are treacherous in that persons subjected 
to a concentration sufficient to produce only slight irritation of the eyes 
or respiratory passazes at the time of exposure may die within the next day 
or two from acute inflammation of the lungs and air passages. 


A typical instance of the manner in which these fumes affect those un- 
fortunate enough to be exposed to them is described by Irvine, quoted by 
Hamilton (59), as follows: 


Two white men and three natives were working at the end of a 
drive, with a crosscut leading off from it about 100 feet from the 
face. The miners in the crosscut blasted at 3 p. m., before the 
party in the drive had left and without giving them warning. The 
latter were imprisoned in the drive for three-quarters of an hour. 
They felt that they were being gassed end turned on the compressed 
air, then went to the surface as soon as the smoke cleared, The 
white men washed, changed, had their evening meal and went to their 
quarters, as usual, Acute respiratory symptoms came on in both at 
10:30 p. m., and when seen by Dr. Macaulay at 11:00 p. m. they were 
too ill to be removed to the mine hospital, a few hundred yards 
away. Both eventually recovered under energetic treatment, None 
of the Negroes reported sick at the time, but the next morning one 
was found dead, another moribund, and the third so 111 that he, 
too, succumbed. 


Investigators (60) at the Banting Institute, Toronto, Canada, claim tha‘ 
inhalation of small quantities of fumes of oxides of nitrogen along with 
silica dust greatly increases the speed of formation of siliceous fibrotic 
nodules ~ an added reason for the removal of these fumes from mine air before 
workers return to the face after blasting. 


Sulphur Dioxide 


Sulphur dioxide in mine air almost always is en indication of a mine fi: 
(18); however, it is given off sometimes by explosives, especially in the 
blasting of certain sulphide ores. It is very likely to be present in gob 
fires in which iron or copper pyrites is burning (16). It may also be given 
off in mining for sulphur, gypsum, and possibly other substances. Sulphur 
dioxide is often a component of fogs which settle over cities and adjacent 
lands. 


Sulphur dioxide is a colorless, suffocating, irritating gas with a stror 
pungent, sulphurous smell. Even relatively small percentages of it are poisx 
ous. One part in 500 is almost intolerable to breathe and is very irritatin: 
to the eyes and respiratory passages. In moist air sulphur dioxide changes 
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quickly to sulphurous acid, which readily dissolves in water, making 
sulphuric acid. This happens when it reaches the moist mucous membranes 
of the nose, mouth, and throat where it produces the well-known caustic 
effect of sulphuric acid (59). 


Ogata and Lehmann, quoted by Hamilton (59), tested human beings and 
found that irritation from fumes of sulphur dioxide begins with as low a 
concentration as 0.01 part in 1,000 parts of air, that susceptible people 
are made 111 by 0.03 part, and that animals are killed in 10 minutes dy 
0.8 part, with dyspnea,cyanosis, convulsions, and catarrhal or croupous 
inflammation of the respiratory tract. Usually men are able to develop 
solerance to relatively high concentrations, apparently without injury. 


In an investigation on the effects of sulphur dioxide, Kehoe (61) 
found that prolonged exposure to approximately 5 to 70 parts per million . 
of sulphur dioxide produced two distinct effects: (1) Irritation of the 
per respiratory tract, which is at first acute in character and subse-. 
gently subacute or chronic; and (2) systemic symptoms of a mild type 
such as are associated with any type of increased acid absorption or pro~ 
luction in the tissues. He states that the high degree of correlation 
shown between the systemic symptoms and the frequency of severe exposures 
indicates that the human organism is highly adaptable to a regular moderate 
°xposure and that it suffers no apparent injury from such exposure, In- 
tense exposures, even though they occur frequently, ia no evidence of 
lamage of a serious or permanent type. He found a significantly higher in- 
Clience of nasopharyngitis, both chronic and slight, of alteration in the 
sense of smell and taste, and of increased sensitivity to other irritants. 
de also found significantly higher incidence of abnormal urinary acidity, 
‘eudency to increased fatigue, shortness of breath on exertion, end abnormal 
reflexes, Kehoe concludes that there is no appreciable danger to health in 
a frequent or more or less continuous exposure to endurable concentrations 
aud that the effects of exposure to unendurable concentrations are negligi- 
tle mder conditions that allow of quick escape. : 


Hydrogen Sulphide 


Hydrogen sulphide ~ called "stink damp" from its odor, which resembles 
‘hat of rotten eggs ~ is a colorless gas and is usually a product of the 
ecouposition of sulphur compounds, It may also be produced by burning ex- 
Flosives containing sulphur, as considerable amounts are often formed by the 
48¢ Of black blasting powder or the use of dymamite in blasting sulphide ores, 
Tnough hydrogen sulphide has been found in coal and some noncoal mines during 
tormal operations to cause severe eye irritation (16). Dangerous quantities 
&d percentages also are found in the petroleum industry under some condi-~ 
‘tons and in certain places. In some instances the presence of hydrogen 
Suthide has been attributed to decomposition of organic debris. 


Considerable nyarosen sulphide, which is readily soluble in water, is 
teleased front water streams encountered in coal and noncoal mining; it is 


found sometimes in stagnant water underground, particularly where ventilation 
Currents are absent, and great care must be exercised when accumulations of 
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such waters are disturbed. A gassing accident of this type occurred in one 
of the mines of the Rand (South Africa) in 1932 (62) while long pilot holes 
were being drilled in a raise with the intention of holing into an old 
water—-logeed area of an adjoining mine, The accumulated water was mine 
drainage from the surface, seevage through the strata, and drainage from the 
outerop and from abandoned sand dumps in the vicinity. It had been standing 
in the old workings for at least 10 years, and the head of water above the 
point of holing was 417 feet. The release of the water under pressure ~ 
flowing at the rate of approximately 18,000 gallons per hour through the 
tapped hole ~ liberated noxious gas, with the result that two Europeans and 
five natives were fatally gassed. The finding at the subsequent inquest was 
that the deaths were due to the inhalation of sulphuretted hydrogen gas (62). 
In a reconstruction of the accident those near the experimental chamber ex-~ 
perienced painful smarting of the eyes as soon as the smell of hydrogen 
sulphide became pronounced, and two men also experienced choking; the concen- 
tration of the gas at this point did not exceed 0.009 percent, and the dis- 
comforts disappeared immediately when the flow of water was stopped and cor- 
pressed air turned on the drive. As such a concentration of gas is said (62) 
to cause symptoms of local irritation only after many hours of exposure, it 
wes decided to investigate what other factor or factors might increase the 
irritant nature and toxicity of the gas. The principal findings of the 
inquiry by the Chief Inspector of Mines were: 


1. The deaths were due directly or indirectly to inhalation of 
sulphuretted hydrogen gas. 


@. Danger may arise in special circumstances fron mine water contain- 
ing as little as one one-hundredth of the amount of sulphuretted hydrogen 
necessary to saturate the water. 


3. When such water is being tapped measures should be taken to prevent 
eseape of sulphuretted hydrogen into the air, unless the piace is sufficient- 
ly well ventilated to make such escape harmless. 


The following physiological response attends exposure to various concen: 
trations of hydrogen sulphide by volume in air (63): 


0.005 to 0.010 percent: Subacute poisoning = slight symptoms such 
as mild conjunctivitis and respiratory—tract irritation after 
1 hour exposure, 


0.02 to 0.03 percent: Subacute poisoning — marked conjunctivitis 
and respiratory—tract irritation after 1 hour exposure. 


0.05 to 0.07 percent: Subacute poisoning ~ dangerous in 1/2 to 1 
hour. 


0.07 to 0.10 percent: Possibly acute poisoning - rapid unconscious-~ 
ness, cessation of respiration, and death, 


0.10 to 0.20 percent: Acute poisoning ~ rapid unconsciousness, 
cessation of respiretion, and death in a few minutes. 
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Available information on hydrogen sulvhide as a health hazard has been 
summarized by Yant (63) as follows: 


1. Hydrogen sulphide occurs more widely, is more toxic, and 
constitutes a greater industrial health hazard than is generally 
realized. The principal health hazardous occurrences of the gas 
are in connection with gypsum mines, sulphur mines, tunnels end 
ceissons in certain localities, sewers and other confined spaces 
where decomposition of organic matter takes place, blasting of © 
heavy sulphide ores, use of black blasting powder in coal mines, 
natural gas from certain fields, production and refining of high- 
sulphur petroleum, its use as a reagent in manufacture of dyes, 
pigments, and chemicals, and in the rayon industry. The toxicity 
is comparable to hydrogen cyanide. | 


2. Two distinct types of poisoning exist ~ subacute and 
acute. The former is due to a direct irritating action of, the gas 
on the tissues, producing conjunctivitis and moderate to severe 
réspiratory irritation. Acute poisoning is the result of a toxic 
action on the nervous system produced by the absorption and presence 
of hydrogen sulphide in the blood. Unconsciousness and respiratory 
failure usually occur within a few seconds after exposure, and the 
important reaction is paralysis of respiration followed in 5 to 10 
minutes by cardiac failure, There are no warning symptoms and no 
pain, Death from acute poisoning is due primarily to asphyxta. 


3. There is no indication that abnormal combinations with the 
hemoglobin are formed or that the poisoning is cumulative. Also, 
there is no indication of a chronic type of poisoning other than 
would be expected from repeated irritation of the eyes and respira 
tory passages. The gas is rapidly oxidized in the blood to form 
nontoxic compounds, ultimately sulphates. 


4, Treatment of the subacute type of poisoning is principally 
symptomatic. With acute poisoning, rescue must be effected and 
respiration induced at once by artificial means, 


5. Although the characteristic odor of hydrogen sulphide can 
be detected in dilution of 1 part in 10 million parts of air (a 
concentration far below thet causing deleterious effects after pro- 
longed exposure), fatigue of the sense of smell occurs rapidly, 
thereby excluding the use of the odor intensity as a warning. 


6. Hydrogen sulphide in 100-~percent concentrations has been 
found to have a surfece action on the skin (discoloration, red 
mottling, and erythema), An exposure of the naked arm for an hour, 
however, did not cause symptoms of action on the nervous systen, 
The entire body of persons has been exposed 30 minutes to 2 percent 
hydrogen sulphide in air by volume without noticeable effects of 
any kind. It is concluded that no serious trouble will be experi- 
enced by absorption through the skin when respiratory protective 
devices are worn. 
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Prevention and Treatment of Poisoning by Mine Gases 


The chief factors in preventing poisoning by the various toxic or 
noxious gases that may occur in mines or tunnels are: 


1. Good ventilation, as this will dilute and carry away 
the gases (to be discussed in detail in part III). 


2. Avoidance of exposure to air known to contain poison— 
ous gases. 


3. Use of adequate protective equipment when atmospheres 
known to contain poisonous gases are to be encountered; keeping 
calm when it ts necessary to enter or be exposed unprotected to 
atmospheres containing gases; and not hurrying but getting to 
fresh air as quickly, and with as little exertion, as possible. 


wy, Using methods of mining or tunnelling, blasting, muck- 
ing, etc., which will minimize the occurrence of the gas or its 
release. 


The steps in effective treatment of acute poisoning by poisonous or 
noxious gases are: 


lL. The victim should be removed to fresh air as soon as 
possible, 


ec, If breathing has stopped, is weak and intermittent, 
or is present in only occasional gasps, artificial respiration 
by the Schaefer method should be given persistently until 
normal breathing is resumed or until after the heart has 
stopped, 


3. Circulation should be aided by rubbing the limbs and 
keeping the body warm with blankets, hot-water bottles, hot 
bricks, or other devices, care being taken that these are 
wrapped or do not come in contact with the body and produce 
burns. This aids in tiding the body over a period of low 
vitality. Other stimulants, such as hypodermics of caffein, 
sodium benzoate, or camphor in oil, should not be administered 
except by a doctor after he has considered the possibility of 
overstimulation and consequent collapse. 


| 4. The patient should be kept at rest, lying down in 
order to avoid any strain on the heart. Later, he should be 
treated as a convalescent and given'plenty of time to rest and 
recuperate. . 


5. <Aftereffects of poisoning by such gases should be 
treated symptomatically. 
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6, It should be emphasized that inhalations, for 20 to 
30 minutes, of oxygen or a 5—percent mixture of carbon dioxide 
in oxygen, if availeble, will immediately greatly lessen the 
number and severity of symptoms of carbon monoxide poisoning, 
as well as decrease the nossibility of serious consequences, 
All industries in which this type of poisoning commonly exists 
should provide apparatus (inhalers) for the efficient adminis~ 
tration of these treatments. The epoeratus should be placed 
at points most convenient for treating carbon monoxide poison- 
ing, and employees should be trained in their use so that 
resuscitation may be effected immediately. 


The value of oxygen treatment is indicated by the experience of Finch 
and Bruce (64), who believed that oxygen saved their lives on the Yunet ex- 
pedition, Numbing cold at 25,500 feet threatened disaster until they tried 
the effects of breathing oxygen. In a few minutes it produced a tingling 
sensation of warmth, and the next day they climbei 1,800 feet at the rate 
of 900 feet an hour compered with 330 feet an hour at lower altitudes, 
breathing oxygen through the night also entirely cured a porter of bad 
frostbite, while two other porters who were much less affected and there- 
fore were not given oxygen each lost digits (64). 


Chapter 3. Dus ts 


One of the principal safety, efficiency, and health problems confront-— 
a tining men ig eradication of dust from mines and mining plants, or so 
uminishing or diluting it that it will not be a menace to the mine or plant 
and the workers therein (65). 


_ Metal-mine dust, acting through miners! consumption, lead poisoning, 
Tenchi tis, etc., causes perhaps more deaths annually among the approximately 
<0, 900 Metal miners in North America than coal dust causes to the approxi- 
ately 700,000 coal miners through explosions (66). 


_ Insoluble or virtually insoluble dust in underground air generally 

“fests 4 ts harmfulness to the health of miners in some form of lung disesse 
— 4S miners! consumption, silicosis, anthracosis, miners! asthma, and pos- 
ee Pheumonia. Moreover, dusts ere largely responsible for much bronchitis, 
21 Sone soluble dusts are poisonous (66). 


ost The dust of free silica (quartz, flint, chert, etc.) is probably the 
rheey, -Uful of the dusts ordinarily found in underground workings, although 
Mycteed examinations of underground employees who ave worked in dusty air 
arias} ng coal and shale, as well as in dust from ores of hematite (iron 
thoy atereecite (limestone), and other essentially nonsiliceous material, 
sey) etinite lung involvement, indicated by X~ray photographs and by the 
POYsical or physiologic s;mptoms, especially shortness of breath (66). 


tane The Main sources of dust in metal-mine air in the order of their impor~ 
© ares Dry drilling of holes for blasting (dry drilling of holes 


Minteg Iprard, especially at an angle of about 70°, is generally the worst), 
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blasting, shoveling or "mucking" very fine dry material at the working face 
which is usually poorly ventilated, loading cars from chutes, dumping loaded 
cars into chutes, and timbering. Dry crushing and other occupations in metal- 
Mine mills are also dangerously dusty. One such mill in Nevada caused so 

many fatalities that the death certificates of the victims showed the cause 

of death as a dust disease called by the name of the mill. 


Investigation by the Bureau of Mines (67) of 15 representative coal 
mines in 6 coal-mining States showed the greatest sources of dust to be: 


1. Jackhammer drilling produced the greatest concentrations 
of dust of any of the mine operations, 10 times as much as any of 
the others, and the other dust-—producing operations arranged in 
decreasing order of concentration were electric drilling, under- — 
cutting coal by dry methods, auger drilling by hand, loading coel, 
undercutting coal with the application of water on cutter bar of 
mining machines, simultaneous pick mining and loading coal, load- 
ing rock, haulage, and, finally, pick mining. 


e. The largest total emount of dust was raised by dry under- 
cutting. 


3. Undercutting coal without the use of water on the cutter 
bar raised the greatest concentration of dust of any of the common 
mine operations; loading coal ranked next and haulaze last. 


The United States Public Health Service reported (68) the following 
results of 80 dust determinations ~ 60 underground and 20 in the breaker - 
made at an anthracite mine in the United States in 1926: 


The miners and mine laborers, who made up two-thirds of the 
total force employed in the anthracite mine, were exposed at 
times to an exceptionally high concentration of dust, namely, al- 
most 1 billion particles per cubic foot of air. The average, 
however, which takes into account the time spent under different 
conditions of dustiness, was much less, being 124 million particles 
per cubic foot of air. 


In addition to the miners and their helpers, two other groups 
of underground workers were exposed to a relatively large amount of 
dust: (a) The rockworkers and (b) the runners and drivers, who 
have to enter the miners! workplaces at times when the air is 
particularly dusty. Considering the time spent in the dusty and 
relatively nondusty parts of the mine, one may estimate that the 
average exposure of the runners and drivers was about 36 million 
particles of dust per cubic foot of air. The remainder of the 
underground workers were exposed to a relatively small quantity of 
dust. Aboveground it was found that the men in certain occupations, 
namely, the coal dumpers, jugmen, and slate pickers, were exposed 
to nearly as much dust as the coal miners. At the breaker the dust 
is practically the same as that in the mines. 
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The rockworkers are the only ones exposed to a dust containing 
a high percentage of quartz (31 percent). Since the average concen- 
tration of dust was 62 million particles per cubic foot of air, it 
is obvious on the basis of previous experience that these workers 
have a severe hazard. Small numbers and lack of occupational con~ 
tinulty made specific study of this group impossible, 


The principal factors now thought to determine whether exposure to dust 
will produce lung disease are nature of the dust, particle size, quantity of 
tre dust dispersed in the atmosphere, and length of exposure. fProbably 
tumerous other factors, however, exert a more or less definite influence, 
such as gases, temperature, humidity, posture, rate of work, and nativity 

3). Free silica or quartz has been considered the outstanding tyve of dust 
in industries with excessive mortality from dust diseases, 


The most dangerous dust is said to be that ranging in size from 5 to 0.5 
ticron (a micron igs one one~thousandth millimeter or about one twenty~five— 
thousandths inch) or smaller. Particles of such size are too small to be 
seen by the naked eye. Lerge quantities of larger particles which float in 
the air cannot be considered harmless, as they tend to clog the protective 
mechanisms of the resviratory tract and allow maximum quantities of smaller 
varticles to penetrate the lungs where they are likely to do the most damage. 


__ the length of exposure to silica dust required to produce silicosis 
‘epends primarily on the individual and the amount and size of the dust 
rarticles in the air breathed; however, numerous other factors may exert a 
‘etinite influence. Data collected by the Bureau of Mines (70) in one study 
“ton that first-stage silicotics had worked underground an average of 12.99 
years, irrespective of occupation; those in the second stage had worked an 
everaze of 15.8 years, irresvective of occunation; and third-stage silicotics 
is worked an average of 18 years for all occupations. In this particular 
ay the shortest period worked underground was 2 years for first-stage 
“toties, and the longest was 40 years for third-stage silicotics. It ap- 
fers provable that death from dust disease and accompanying complications 

“VY Tesult in 2 years or even less from the date of first exposure to heavy 
“centrations under unfavoreble conditions of temperature, humidity, noxious 
Sa8eg exposure, etCe 


AS no definite, absolutely reliable standards of allowable dustiness are 
» the aim in the prevention of dust disease should be to eliminate dust 
the atmosphere breathed by workers, or at least to reduce the dust con- 
60 the lowest quantity feasible, 


scape: eemination of dust in air breathed by workers is necessary before 

ee Can be taken to prevent dust disesse3 moreover, it is economically 

eager ve 88 evidence of the extcnt of the dust hazard involved in dusty pro- 

ie “nd as a measure of the efficiency of protective devices introduced to 
sate the hazard. 


Own 
fron 
vent 


Al thoush none of the dust-determinins anparatus available will indicate 


bee 
w'tetely the exact amount of dust in a siven atmosphere, many of them will 
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show the concentration accurately enough to compare the efficiency of 
methods of dust elimination. 


All dusty methods, processes, or practices in mining should be 
eliminated or at least used with every possible nrecaution, In metal 
mines mechanical ventilation, with a definite person or persons in charge, 
should force moving currents of air to every workinz place to remove dust, 
heat, and gas@s. Water should be used in all drilling, in the sprinkling 
of ore and rock piles, in the wetting of timbers, manways, and haulageways, 
and in every place where dust may be found. Where possible all the blast— 
ing should be done after a shift; where this cannot be done strict regula- 
tions should be enforced as to the wetting of the region of blasting, both 
before and after firing the shots, as to the removal of all explosive 
fumes by adequate air currents, and as to the prevention of entrance into 
a blasted place until ali dust, fumes, etc., have been removed, Strict 
physical examination should be made of underground workers before employ~ 
ment and at intervels of not more then 6 months during enuploymwent, and any 
workers showiig unfavorable physical symptoms should be removed promptly 
from dangerously dusty work, | 


In coal mines ventilation should be such that air currents will sweep 
along and past the working faces and places at all times. Water should be 
piped to all dry feces and used on the cutting chain while undercutting, 
overcutting, centercutting, or suecaring, and the face worker should sprinkle 
the face within 40 or 50 feet of face ae roof, floor, and coal pile) at 
least three times daily and should sprinkle (not soak) the top of all loaded 
cars before they leave the face, Blasting should not be done during the 
working shift, and under no circumstances should workers return to the work-— 
ing face until all blasting fumes have been removed by the air currents. 


Unquestionably, much ill health, including dust disease, of mining 
people is due to unusual and unnecessary exposure to extremes of heat and 
cold, complicated by sudden changes from one extreme to the other with littls 
or no protection from attendant or resultant bronchitis, pneumonia, and ree 
lated diseases, The mining engineer can and should do much to eliminate 
these hazards. He can do this by giving much more attention in the future tx< 
safeguarding workers from undue exposure to dusts, gases, high temperatures, 
water, and similar discomforts in transporting tnem into and out of the 
Mines; by giving real attention to air conditioning of mines, especially in 
end at the working places; and by constructing and maintaining up-to-date 
wash or change houses. 


Prevention end Treetnent of Dust Diseases 


No cure is yet known for dust diseases, therefore prevention is the 
only effective remedy. There are two main lines of approach to the problem 
. of dust-disease prevention in industry — the engineering, through control of 
dust production, ard the medical, through selection of workers by examina~ 
tion; success probably depends upon a combination of the two. Methods of 
prevention will be discussed in part III. 
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